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ABSTRACT
Acinetobacter baumannii has emerged as a serious cause of nosocomial infections. Rapid identification of
this pathogen is required so that appropriate therapy can be given and outbreaks controlled. This study
evaluated a multiplex PCR and an automated ribotyping system for the rapid identification of
Acinetobacter baumannii. In total, 22 different reference strains and 138 clinical isolates of Acinetobacter
spp., identified by 16S)23S rRNA intergenic spacer (ITS) sequence analysis, were evaluated. All
A. baumannii isolates (82 clinical isolates and one reference strain) were identified by the multiplex PCR
method (specificity 100%). The sensitivity and specificity of the ribotyping system for identification of
A. baumannii were 85.5% (71 ⁄ 83) and 93.5% (72 ⁄ 77), respectively. An additional 100 clinical isolates
belonging to the Acinetobacter calcoaceticus–A. baumannii complex were used to compare these two
methods for identification of A. baumannii, and this comparison revealed a level of disagreement of 14%
(14 isolates). The accuracy of the multiplex PCR was 100%, which was confirmed by sequence analysis
of the ITS and recA gene of these isolates. Thus, the multiplex PCR method dramatically increased the
efficiency and speed of A. baumannii identification.
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INTRODUCTION
The genus Acinetobacter comprises at least 33
described genomic species [1,2], of which Acine-
tobacter baumannii (genomic species 2) is the most
important genomic species associated with
hospital outbreaks of infection [3]. Nosocomial
outbreaks caused by multidrug-resistant strains
of Acinetobacter have been reported worldwide
[4,5]. The high level of genotypic and phenotypic
similarity among Acinetobacter calcoaceticus
(genomic species 1), A. baumannii, Acinetobacter
genomic species (AGS) 3 and Acinetobacter
genomic species 13 sensu Tjernberg and Ursing
(AGS 13TU) means that they are indistinguishable
in most routine clinical diagnostic laboratories,
where they are grouped together as the A. calco-
aceticus–A. baumannii (Ac–Ab) complex [6,7].
However, the antibiotic susceptibilities and
epidemic potential of the different genomic spe-
cies are significantly different [3,8]. If detection
and prevention measures are not implemented
promptly, epidemics of A. baumannii infection
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may result [3], and it is therefore necessary
to differentiate between A. baumannii and
A. calcoaceticus, AGS 3 and AGS 13TU.
Phenotypic identification, based on growth at
44C, oxidation of glucose, gelatin hydrolysis and
assimilation of multiple carbon sources, has been
found to be inadequate for the identification of
A. baumannii [3], but several molecular identifica-
tion methods have been shown to be effective for
this purpose [9]. DNA–DNA hybridisation is
considered to be the reference standard [3], but
is unsuitable for routine clinical laboratory use
[10]. Identification of A. baumannii can also be
achieved by restriction enzyme analysis of ampli-
fied 16S rRNA genes [8,11], the intergenic spacer
(ITS) region of 16S)23S rRNA genes [12,13], the
recA gene [10], or the recA and 16S rRNA genes
combined [14]. Amplified fragment length poly-
morphism fingerprinting [15] and direct sequence
analysis of the 16S)23S ITS region [9] have also
been used successfully. In addition, a manual
ribotyping method has been considered to pro-
vide sufficiently good results for identification of
A. baumannii [16].
Unfortunately, some of these methods are
relatively complicated and expensive for use in
clinical diagnostic laboratories [17]. Moreover,
most protocols developed for identification of
A. baumannii by PCR have used primers comple-
mentary to a universal region found in several
different bacterial genera, so that DNA from
bacteria belonging to other genera might also be
amplified [9,13,18]. Therefore, it can be concluded
that a pair of specific primers is the key deter-
minant for successful identification using PCR-
based methods. The present study describes
the development of a one-tube multiplex PCR
containing a pair of primers specific for
A. baumannii, so that initial identification to the
genus level is no longer required. The sensitivity
and specificity of a commercially available auto-
mated ribotyping system [4,19–21] for the identi-
fication of A. baumannii was also evaluated.
MATERIALS AND METHODS
Bacteria
Twenty-two reference strains belonging to different Acinetob-
acter genomic species (Table 1) were obtained from public
culture collections or were kindly provided by T.-C. Chang [9].
In addition, two sets of clinical isolates were included in the
study. The first set comprised isolates collected from Taipei
Veterans General Hospital, which were identified phenotyp-
ically as belonging to either the Ac–Ab complex (91 isolates) or
other Acinetobacter spp. (47 isolates). The second set comprised
isolates collected from Taipei Veterans General Hospital,
Taichung Veterans General Hospital and Kaohsiung Medical
University Hospital that were identified presumptively as
members of the Ac–Ab complex. All isolates were obtained
initially from blood cultures and were grown overnight in
Luria–Bertani broth at 37C, except for Acinetobacter johnsonnii,
which was grown at 30C. Phenotypes of all clinical isolates
were initially determined using the API ID32 GN system
(bioMe´rieux, Marcy l’Etoile, France).
PCR amplification and sequencing of the 16S)23S rRNA ITS
region
The first set of clinical isolates was identified to the genomic
species level by ITS sequence analysis, based on the method
of Chang et al. [9]. Universal primers P-1512F (5¢-GTCGTAA-
CAAGGTAGCCGTA) and P-6R (5¢-GGGTTC ⁄TCCCCA ⁄ -
GTTCRGAAAT) were used to amplify a DNA fragment
covering the 16S rRNA gene region, the ITS, and a small
fragment of the 23S rRNA gene region. PCR was performed
in a total reaction volume of 50 lL containing 10 mM Tris-
HCl (pH 8.4), 50 mM KCl, 1.5 mM MgCl2, 200 mM each
dNTP, 250 ng of each forward and reverse primer, and
0.25 U of Taq polymerase (ProTech Inc., Taipei, Taiwan). The
reaction mixture was overlaid with mineral oil, and aliquots
(1 lL) of overnight bacterial culture were used directly as
templates. Amplification in a MyCycler PCR machine
(Bio-Rad, Philadelphia, PA, USA) comprised 94C for
5 min, followed by 35 cycles of 1 min at 94C, 1 min at
62C and 1 min at 72C, with a final extension for 10 min at
72C. Amplified products were resolved by agarose gel
electrophoresis and stained with ethidium bromide. Single
amplicons were subjected to direct nucleotide sequencing
Table 1. Reference strains of different Acinetobacter ge-
nomic species included in the study
Culture collection no. Acinetobacter genomic species
1 BCRC 11562 Acinetobacter calcoaceticus
2 BCRC 10591T Acinetobacter baumannii
3 BCRC 15420 Acinetobacter genomic species 3
4 BCRC 14852T Acinetobacter haemolyticus
5 BCRC 14854T Acinetobacter junii
6 BCRC 15421 Acinetobacter genomic species 6
7 BCRC 14853T Acinetobacter johnsonii
8 BCRC 14855T Acinetobacter lwoffii
9 BCRC 15423 Acinetobacter genomic species 10
10 BCRC 15424 Acinetobacter genomic species 11
11 BCRC 15425T Acinetobacter radioresistens
12 ATCC 17903 Acinetobacter genomic species 13TU
13 LMG 1235 Acinetobacter genomic species 13BJ ⁄ 14TU
14 CCUG 26390 Acinetobacter genomic species 15TU
15 CCUG 34435 Acinetobacter genomic species 14BJ
16 CCUG 34436 Acinetobacter genomic species 15BJ
17 BCRC 15883 Acinetobacter genomic species 16BJ
18 CCUG 34437 Acinetobacter genomic species 17BJ
19 CCUG 48800T Acinetobacter parvus
20 LMG 19576T Acinetobacter shindleri
21 LMG 19575T Acinetobacter ursingii
22 CCUG 45561T Acinetobacter venetianus
BCRC, Bioresources Collection and Research Center, Hsichu, Taiwan; ATCC,
American Type Culture Collection, Manassas, VA, USA; LMG, Laboratorium voor
Microbiologie, Ghent, Belgium; CCUG, Culture Collection, University of Go¨teborg,
Go¨teborg, Sweden.
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(Mission Biotech, Taipei, Taiwan), while the smallest frag-
ment was cloned and then sequenced for strains yielding
multiple ITS fragments.
Nucleotide sequence analysis
Sequences were analysed using the Basic Local Alignment
Search Tool (BLAST) [22]. Nucleotide sequences of the
16S)23S rRNA ITS region of all described AGS were accessed
using online databases (http://www.ncbi.nlm.nih.gov), and
these were downloaded for further sequence analysis using
FASTA, PILEUP and dendrogram construction in GCG soft-
ware (Accelrys Software Inc., San Diego, CA, USA).
A. baumannii identification with one-tube multiplex PCR
After analysis of the specificity and annealing temperatures,
primers P-Ab-ITSF (5¢-CATTATCACGGTAATTAGTG) and
P-Ab-ITSB (5¢-AGAGCACTGTGCACTTAAG) were selected
as specific primers to amplify an internal 208-bp fragment
from the ITS region of A. baumannii. A second pair
of primers, P-rA1 (5¢-CCTGAATCTTCTGGTAAAAC) and
P-rA2 (5¢-GTTTCTGGGCTGCCAAACATTAC), which target
a highly conserved 425-bp region of the recA gene of
Acinetobacter spp., was included in the multiplex PCR as a
reaction control [10]. PCR was performed in a total reaction
volume of 20 lL containing 100 ng of each primer and 0.1 U
of Taq polymerase. PCR conditions comprised 94C for 5 min,
followed by 30 cycles of 94C for 30 s, 55C for 30 s and 72C
for 30 s, with a final extension at 72C for 7 min. Amplicons
were analysed by electrophoresis on Tris ⁄ acetate ⁄EDTA-
buffered agarose 1.5% w ⁄v gels. To identify the minimum
number of bacteria that could be amplified with this method,
an overnight broth culture was serially diluted (ten-fold) and
an aliquot (2 lL) of each dilution was used as a template. The
number of bacteria in each dilution was determined by
colony formation on Luria–Bertani agar after incubation
overnight at 37C.
Ribotyping of isolates with the automated RiboPrinter
system
Acinetobacter isolates were genotyped using the automated
Riboprinter Microbial Characterization System (Qualicon,
Wilmington, DE, USA) following the manufacturer’s instruc-
tions and protocols described byWu et al. [23]. Identification to
the genus, species and strain level was determined by
comparing the ribopattern of each isolate with standard
ribotyping patterns from the RiboPrinter database. Molecular
Analyst Fingerprinting, Fingerprinting Plus and Fingerprint-
ing DST software (Bio-Rad Laboratories, Richmond, CA, USA)
were used to analyse ribotyping polymorphisms. A dendro-
gram was constructed from the matrix using the unweighted
pair-group method with the arithmetic mean (UPGMA) cluster-
ing technique.
RESULTS
The 16S)23S rRNA ITS regions of the first set of
clinical isolates (n = 138) were amplified and
sequenced. The identification of an isolate to a
specific species of Acinetobacter was based on the
ITS sequence revealing ‡98% identity with refer-
ence sequences (http://www.ncbi.nlm.nih.gov).
According to this criterion, 82 of 91 Ac–Ab
isolates were confirmed as A. baumannii sensu
stricto, five were AGS 3, and four were AGS 13TU.
Genomic species identifications for the other
clinical isolates are shown in Table 2. These
clinical isolates and the reference strains (total
n = 160) were used to evaluate multiplex PCR
and automated ribotyping in comparison with ITS
sequencing for the identification of A. baumannii.
Validation of the multiplex PCR for
identification of A. baumannii
The one-tube multiplex PCR method was used to
examine the 22 reference strains and 138 clinical
isolates. Each reference strain and clinical isolate
yielded a 425-bp internal control amplicon
corresponding to the recA gene, but only
A. baumannii isolates yielded the 208-bp fragment
of the ITS region (Fig. 1). No amplicons were
obtained with bacteria belonging to other genera,
including Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa and Staphylococcus aureus.
The mean minimum number of bacteria required
for the one-tube multiplex PCR was 633 (range
500–800) CFU.
Identification of clinical isolates of A. baumannii
by automated ribotyping
Automated identification by the RiboPrinter was
evaluated using the 22 reference strains and 138
clinical isolates. Correct identification was
obtained for the A. baumannii reference strain
Table 2. Classification according to 16S)23S rDNA inter-
genic spacer sequence analysis of clinical isolates of
Acinetobacter spp. used for multiplex PCR and automated
ribotyping
Genomic species No. of isolates
Acinetobacter baumannii 82
Acinetobacter genomic species 3 5
Acinetobacter haemolyticus 3
Acinetobacter junii 11
Acinetobacter johnsonii 2
Acinetobacter lwoffii 1
Acinetobacter genomic species 10 7
Acinetobacter radioresistens 1
Acinetobacter genomic species 13TU 4
Acinetobacter genomic species 13BJ ⁄ 14TU 2
Acinetobacter genomic species 15TU 1
Acinetobacter baylyi 6
Acinetobacter ursingii 13
Total 138
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(ATCC 19606T) and 70 clinical isolates. The mean
similarity of ribotype patterns was 92%. Com-
pared with ITS sequencing, the sensitivity for
identification of A. baumannii was 85.5% (71 ⁄ 83).
When the clinical isolates were analysed by UPGMA
clustering, all isolates identified as A. baumannii
clustered together. A dendrogram generated from
the ribotypes of the 22 Acinetobacter reference
strains and six representative clinical isolates is
shown in Fig. 2. Of 77 non-A. baumannii isolates
identified by ITS sequence analysis, five were
misidentified as A. baumannii by ribotyping.
Therefore, the specificity of ribotyping for A. bau-
mannii identification was 93.5% (72 ⁄ 77) when
compared with ITS sequencing.
Practical application of the multiplex PCR for
A. baumannii identification
The one-tube multiplex PCR was used to identify
the second set of 100 clinical isolates collected
from three medical centres in Taiwan, and the
results were compared with those obtained by
ribotyping (Table 3). Fourteen isolates that gave
discrepant results with the two methods were
further analysed by direct nucleotide sequencing
of the 16S)23S rRNA ITS region and the recA
gene. The one-tube multiplex PCR showed 100%
agreement with recA and ITS sequencing for these
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Fig. 1. Examples of multiplex PCR products resolved by
agarose gel electrophoresis. PCRs were performed using
the specific Acinetobacter baumannii primers (P-Ab-ITSF
and P-Ab-ITSB) and the internal control primers (P-rA1
and P-rA2) specific for the recA gene of all Acinetobacter
spp. Genomic DNA templates for lanes 1–22 are identical
to the genomic species listed in Table 1; lane 23 is a
negative control. The amplified fragment specific to
A. baumannii is 208 bp in size (lane 2). The amplified
internal control fragment of the recA gene is c. 425 bp in
size. Lane M contains 100-bp DNA size ladders.
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Fig. 2. Dendrogram and ribopat-
terns generated from 22 reference
strains of Acinetobacter spp. and six
representative clinical isolates. The
dendrogram was based on UPGMA
clustering analysis of the ribopat-
terns. Clinical isolates 239 and 313
belonged to Acinetobacter genomic
species 3 and 13TU, respectively.
Clinical isolates 215, 219, 229 and
309 were representative isolates of
Acinetobacter baumannii with differ-
ent ribopatterns. The numbers in
parentheses indicate the total
number of clinical isolates with the
same ribopattern.
Table 3. Identification of clinical isolates of Acinetobacter
spp. from three hospitals in Taiwan
No. of
isolates
Automated
ribotyping
(Ribopattern)
Multiplex
PCR
recA
sequencing
ITS
sequencing
77 Ab (16336) Ab ND ND
2 Ab (15423) Ab ND ND
3 Ab (14509) Ab ND ND
1 Ab (14806) Ab ND ND
5a Ab (16939) Non-Ab AGS 3 AGS 3
6a A. spp. (14221) Ab Ab Ab
3a A. spp. (18121) Ab Ab Ab
3 Ac (16114) Non-Ab AGS 13TU AGS 13TU
Ab, Acinetobacter baumannii; Ac, Acinetobacter calcoaceticus; AGS, Acinetobacter
genomic species; A. spp., Acinetobacter spp.; ND, not determined.
aDiscrepant species identification by automated ribotyping and multiplex PCR.
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14 isolates. Table 4 summarises the time and costs
required for direct sequencing, ribotyping and the
multiplex PCR method, respectively.
DISCUSSION
The ITS region between the 16S and 23S rRNA
genes is a good candidate for bacterial species
identification [24]. However, microheterogeneity
in the ITS gene sequence within a species is
common, and currently there is no quantitative
definition of Acinetobacter species identification
based on ITS sequence analysis. According to the
study of Chang et al. [9], a high level of interspe-
cies divergence of the ITS sequences occurs
among different Acinetobacter spp., with identity
ranging from 48% to 92%. Even among the
species closest to each other in the Ac–Ab com-
plex, the identity ranged from 86% to 92%. Thus,
a criterion of ‡98% identity was used to define a
species in the present study.
The one-tube multiplex PCR was designed to
simplify the procedure and reduce the time
required for A. baumannii identification. The
forward primer P-Ab-ITSF and the reverse primer
P-Ab-ITSB were selected from the relatively
diverse region of the ITS among the members of
the Ac–Ab complex. Primer P-Ab-ITSF has 70%
identity to the corresponding regions of AGS 1,
AGS 3 and AGS 13TU, while primer P-Ab-ITSB
has 63–84% identity to the corresponding regions
of AGS 1, AGS 3 and AGS 13TU, with various
insertion sizes (data not shown). The relatively
low sequence identity of the two primers specific
to non-A. baumannii increased the specificity of
PCR amplification in the study. Two recA gene
primers (P-rA1 and P-rA2) were included to form
an internal reaction control for Acinetobacter spp.
This multiplex PCR strategy enables A. baumannii
(two bands) to be readily distinguished from
other Acinetobacter spp. (one band) and unrelated
bacteria (no bands) (Fig. 1). The results demon-
strated the specificity of these two pairs of
primers for Acinetobacter spp. (P-rA1 and P-rA2)
and A. baumannii (P-Ab-ITSF and P-Ab-ITSB) for
identification purposes.
Manual ribotyping is a reliable method for
A. baumannii identification [16,25], but is complex
and time-consuming [13]. The automated ribo-
typing system is more convenient, and can iden-
tify and subtype up to 32 bacterial isolates within
8 h. Nevertheless, only 85.5% (71 ⁄ 83) of A. bau-
mannii isolates were identified correctly according
to standard procedures. Some isolates had faint
bands that were not recognised by the automated
system [26], but this limitation was reduced by
visual inspection of the patterns and by using the
UPGMA program for clustering analysis. The sys-
tem has the advantage that it can rapidly provide
information concerning genetic heterogeneity
based on the whole genome, instead of a single
ITS of the rRNA region or a few genes [26], and
may still be a convenient technique for tracing the
route of spread of a specific pathogen.
In conclusion, the one-tube multiplex PCR
strategy is a rapid and convenient means for
identification of A. baumannii. The key determin-
ant for efficient identification of A. baumannii by
PCR is the use of specific primers, and multiplex
PCR is currently also the quickest and least
expensive approach. Direct nucleotide sequen-
cing of the 16S)23S rRNA ITS region can be used
for final confirmation when required.
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